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Progress of the SPART project to monitor planetary middle atmospheres
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MORIBE, Nayutd*, MAEZAWA, Hiroyuki?, KONDO, Syusak®

!0poDD0D0O00000000,2000000000,300000000000000
!Graduate School of Science, Nagoya Uni®chool of Science, Osaka Prefecture Urii®olar-Terrestrial Environment Lab.,
Nagoya Univ.

Investigating the abundance and time variation of minor constituents and their isotopes provide us an important informatior
about the dynamical and chemical balances and evolutionary processes of planetary atmospheres. To study how activities
the Sun, a typical G-type star in our galaxy, influence the physical conditions and (photo) chemical reaction network of the
atmospheres of Venus, Mars and gas-giant planets, we have promoted regular and long-term observations of these planet:
middle atmospheres at 90 ? 345 GHz bands developing a 10-m ground-based Solar Planetary Atmosphere Research Telesc
(SPART).

In November 2011 we succeeded first detection toward Mars and mapping observation toward Orion Molecular Cloud 1 with
a spectral line for rotational transition of carbon monoxide (J=1-0: 115 GHz) by using the SPART. Now we are just starting to
carry out test regular observations. In this talk the current status of this project will be presented.
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Mercury’s sodium tail distribution and the source processes of the exosphere
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Interaction between solar wind and mini-magnetosphere

oo oot
NAKAMURA, Masao'*

lopoo0oo
!Osaka Prefecture University

Interaction between the solar wind and the mini-magnetosphere of dipolar magnetized objects is investigated by a three
dimensional hybrid simulation, which treats the ions as kinetic super particles via particle-in-cell method and the electrons as
a massless fluid. The hybrid simulation is suitable for the study of the mini-magnetosphere which scale is the order of the ior
Larmor radius of the solar wind ions at the magnetopause boundary, because the ion kinetic effects are important for its structur
In the northward interplanetary magnetic field (IMF) condition, the shape of the mini-magnetosphere is similar to a down-sized
geomagnetosphere. However cusp reconnection twists the field lines over of the cusp region due to the Hall effects. In the soutl
ward IMF condition, patchy reconnection is generated in the dayside magnetopause boundary and generates plasmoids or Fl
Transfer Events as large as a quarter of the magnetosphere. We will discuss the boundary structures of the mini-magnetosphe

00000:000000000000,00000000000000000
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Estimation of Ol 630nm emission from Enceladus torus by various process

o000 ™ oooothoooot!
KODAMA, Kunihiro!*, KAGITANI, Masato', OKANO, Shoichi

l0goooooooo
LGeophys. Sci., Tohoku Univ.

It has been known that there are H20 molecules and their dissociative products. Cassini mission discovered plume on Saturr
icy moon, Enceladus. And this small moon supplies molecules and ice grains to the Saturn’s magnetosphere. This materia
distribute like a torus, so called enceladus torus. If we can monitor distribution and time variation of the Enceladus torus con-
tinuously, we can get more clear understanding about Saturn’s magnetosphere and its variability. In order to accomplish remot
sensing of the Enceladus for a long period, we made ground-based observation of Ol 630nm emission of the Enceladus torus
Haleakala observatory.

We successfully detected the line emissionwith 1200 minutes total exposure time by ground-based observation carried out i
Mar. 2011. In order to derive physical information, we must clear what process cause this emission. We had assumed that ma
process for this emission is electron impact excitation. But other process is also existing, photo dissociation of H20 and OH.

In ths presentation, | will report the contribution of non electron impact excitation process.

goooo:gog,go0,0o0ob,0boooa
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Electron density observations from Cassini RPWS in the Enceladus torus
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ODANAKA, Ena'*, OKANO Shoicht, OBARA Takahird, MOROOKA Michiko?

'00000000000000,2Swedish Institute of Space Physics
!Planet. Plasma Atmos. Res. Cent., Tohoku URBwedish Institute of Space Physics

One of Cassini's most exciting results is a detection of a plume which expels water vapor and ice grains from south pole of
the moon Enceladus [Dougherty et al., 2006; Spahn et al., 2006; Porco et al., 2006; Waite et al., 2006]. This water creates &
extended torus around Saturn. A large amount of gas is ionized within the plume and becomes the major source of plasma for
ring and Saturn’s magnetosphere. The inner magnetosphere consists of a dense and cold plasma in the shape of a disk [Pers
et al., 2005]. Recently, observations from Cassini Radio Plasma Wave Science (RPWS) revealed the presence of dusty plasi
and indicate the interaction between plasma disc and dusty plasma E ring [Morooka et al., 2011]. However, these observatior
were only near Enceladus. We investigate the plasma distribution on Enceladus orbit. We use Cassini RPWS data and analy
the electron densities in the Enceladus torus, and plan to analyze the azimuthal distribution of Enceladus.
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Characteristics of the transient evolution of the aurora

rived from radio spectra
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| acceleration region of Saturn de
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MARUNO, Daichi'*, KASABA, Yasumasé, KIMURA, TomokiZ, MORIOKA, Akira', CECCONI, Baptisté
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ITohoku University2ISAS, JAXA, 3LESIA, Observatoire de Paris

We show the preliminary result for the characteristics of the altitude profile variation seen in the lower- frequency extensions
of Saturn kilometric radiation (SKR) associated with substorm-like events.

SKR s an intense radio emission with a peak frequency between 100 and 400 kHz. It is thought to be emitted from energize:
electrons accelerated along auroral field lines via the Cyclotron Maser Instability (CMI) [Wu and Lee, 1979]. Compared with
Earth and Jupiter, SKR shows several unique characteristics such as the modulation at or close to the planetary rotation peri
[Desch and Kaiser, 1981], long-term variation of modulation period [Galopeau and Lecacheux, 2000], North - South asymmetry
of modulation period [Gurnett et al., 2009].

During the high activity of SKR, It is commonly seen that SKR expands toward lower frequency. It can be interpreted as
an expansion of the auroral acceleration region to higher altitude with weaker magnetic field strength because SKR is emitted «
approximately local electron cyclotron frequency. Similar characteristics have been known in the terrestrial auroral kilometric
radiation (AKR) for a long time. For example, using this characteristic in AKR frequency variations, Morioka et al. [2010]
derived the two-step evolution model of the auroral acceleration region during substorms. Our motivations are to adopt similal
analysis to Saturn and to compare auroral field line accelerations between two planets.

In a previous study, Jackman et al. [2009] reported the general relationship between the lower-frequency extensions c
SKR and substorm-like events seen as plasmoids in the magnetotail. We focus on short variations of such phenomena, fro
several minutes to hours. We use SKR spectra data observed from Cassini/RPWS high frequency receiver (HFR). Its high tim
resolution, approx. 15 sec, is enough to show that the time scale of lower-frequency extension of SKR, several hours, longe
than that of AKR. In this case, we should consider not only the visibility effect (i.e., beaming at the source and propagation
along the light-path from the source) but also the unique enhancement due to the rotation of SKR sources. In order to reduce tt
former effect, we use the data when Cassini locates specific position (in this preliminary study, radial range from 10 to 100 Rs
latitudinal range from -5 to +5 degrees, SKR phase range from -45 to +45 degrees). Based on this analysis, we now try to gras
(1) the relationship of maximum/minimum/central frequency of SKR versus its total flux (as a proxy effect from the amount
of field-aligned current), and (2) the relation of maximum/minimum/central frequency of SKR versus specific SKR phase (as
a proxy effect from the rotational enhancement). These characteristics will be used for event studies of short-term evolution o
auroral acceleration region during substorm-like events.

OO0o00O0o0:00, SKR, CassinilRPWS
Keywords: Saturn, SKR, Cassini/RPWS
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Simulation study of the current-voltage relationship of the lo tail aurora
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MATSUDA, Kazuyd*, TERADA, Naoki', KATOH, Yuto', MISAWA, Hiroaki'

l00000000O0oO0o0oOoO0ooooag
! Department of Geophysics, Graduate School of Science, Tohoku University

Subcorotation of logenic plasma in the lo plasma torus has been understood as electric drift by a perpendicular electric fiel
with respect to the Jovian magnetic field. It has been considered that a part of the radially integrated electric field would be
imposed along the magnetic field lines and would cause the lo’s trailing tail aurora. Observations have been shown that the lo ta
aurora extends for approximately 100 degrees downstream in longitude from the lo’s magnetic footprint. It remains unresolvec
why the precipitating electron energy corresponding to the voltage is constant with longitude despite the decreasing paralle
current density. The purpose of this study is to clarify how the current-voltage relationship of the lo tail aurora realizes.

We applied a semi-discrete central scheme to extended multi-magneto-fluid equations which include the electron convectio
term and investigated the relationship between a parallel current density and voltages of transition layers in the lo-Jupiter syster
If the ionospheric proton density decreases at the same rate as the parallel current density, the timescale on which the hig
altitude transition layer disappears is consistent with the longitudinal extent of the lo tail aurora. The voltages of the high- and
low-altitude transition layers remain constant until the auroral cavity disappears, as expected from observations. These resul
suggest that the origin of the current-voltage relationship of the lo tail aurora is the same decrease rate of the ionospheric protc
density as the parallel current density.
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Relationship between the occurrence frequency of Jovian substorm-like event and plasn

density in the magnetosphere
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Reconsideration of generation processes of Jupiter’s lo-related radio emission

oo oot
MISAWA, Hiroaki'*

lopooooooooOooDoooooog
IPPARC, Tohoku Univ.

The following questions; "What kind of magneto-ionic wave Jupiter’s auroral radio emission is?’ and 'How the radio emission
is generated?’ have been long years of subjects. | have investigated the subjects based on numerical calculations using seve
kinds of magnetic field and plasma density models, however, the questions have not been resolved yet: a hypothesis of a spec
energy transporter which does not meet with the observation results was needed. Recently Jupiter's new magnetic field mod
'VIPAL was proposed based on the satellites’ foot print aurora data observed by the Hubble Space Tellescope (Hess et al., JGI
2011). | have tried to make a 3D raytracing analysis for lo-DAM using the VIPAL model. The preliminary analyses show that
R-X mode waves are preferable as lo-DAM and the VIPAL gives more natural explanations for the origin of lo-DAM, though
there still remain some questions on restriction of 'lo-DAM’ and on origin of lo-C.

gooobo:0b,00,00000000,0000,0D0000
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Extension of HF radio observation system in Fukui University of Technology through the

introduction of GnuRadio
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NAKAJO, Tomoyuki*, AOYAMA, Takashi
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IDepartment of Electrical,Electronic and Computer Engineering, Fukui Universiy of Technology

In Fukui University of Technology, radio observations in HF band (20-40MHz) have been carried out from 2000 for Jovian
decameter radiation and Solar radio bursts. At the observation site which is located at Awara campus (N36deg., E136deg.),
antenna towers height of 20m was set up and 9-elements cross log-periodic antenna was mounted at the top of each tower. T
observation system has worked as 3 short baseline interferometer system with a baseline length of 100m class.

In Fukui University of Technology, "Formation of research centers involved in the measurement and conservation of the
environment in Hokuriku region” project has been started from 2011 with the support of MEXT. In the project, we are planning
to take advantage of the radio observation system in Awara campus for observation and monitoring of lightning or thunder storn
activity. Therefore, we are currently developing a high-performance receiving system by introducing software-defined radio
(SDR) GnuRadio+UHD into our observation system in order to realize wideband waveform observation.

GnuRadio+UHD is an open software package which is consists of a lot of signal processing blocks written by C++. A user
can produce one’s own receiving system by combining of a user-made program using the signal processing blocks and a digit
receiver. Currently, we are investigating the performance of GnuRadio+UHD with USRP2 (Universal Software-defined Radio
Peripheral) supplied by Ettus Research Co. Ltd. as a digital receiver. As the result of performance test carried out so far, |
has been clarified that this system has characteristics of (i) wideband (1-250MHz), (ii) high sampling rate (25MHz), (iii) wide
dynamic range (90dB) and (iv) high phase stability. We conclude that this SDR system has a good performance as a receiver f
interferometer system and are scheduled to advance the development of new observing system by using GnuRadio+UHD.

00000:00000000, GnuRadio, USRR) OO0
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Averaged characteristics of flux distributions and variations in Jovian infrared H3+ au-

rora: Comparison with UV’s
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Development of the InSb array sensor drive system for infrared observations
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KITAMI, Takuya'!, SAKANOI, Takeshi*, KASABA, Yasumasé
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'Dep. Geophysics Graduate School of Science Tohoku University

Jupiter is a biggest planet in the solar system. There are the aurora phenomena in UV, Visible and IR range that reflecte
magnetosphere activity. Especially, in, #3™ NIR aurora, ground based observation is possible because earth atmosphere
transmissivity is high. So HH3; T aurora are suitable for long-term observation.

However, the number of the devices is limited by difficulty of the development of the infrared measurement, and it is difficult to
observe long-term continuation from a problem to large-sized telescope machine time. The development of the infrared imagin
camera is carried out in Takahashi (2005) so far in Tohoku University, and the development of the infrared echelle spectrun
device is carried out in Uno (2009).

However, the problem that a count level of the output image did not change into even if | changed an exposure occurrec
because it was defective in infrared sensor (InSb sensor) drive system. Radical new development InSb sensor drive used for the
devices was started in the Kobuna (2008). It is the joint development with the Tohoku University astronomy specialty Professol
Takashi Ichikawa classroom, and the design of the analog circuit is performed in an astronomy classroom, and this developme
examined digital circuit pro-development and synthesis movement in Kobuna (2008),but does not reach the completion.

It is expected what is utilized as drive system of the infrared imaging device which | produced in Takahashi (2005) and the
infrared echelle spectroscope that development was carried out in Uno (2009). The InSb sensor drive system can contribute
continuation observation for a long term of the planetary atmosphere including Jovian IR aurora.
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We are constructing a 1.8m new telescope at the summit of Mt. Haleakala, Maui, Hawaii. It is under the collaboration with
the Institute for Astronomy (IfA), University of Hawaii. In 2011, the fabrication of the primary mirror has been done. And plans
of development timeline, facilities required for the development, telescope mechanical structure, and the dome were made. |
2012, we will start actual development along the timeline, and go into the most key phase in the development. The first light will
be, if everything goes well, in 2014.

Clear sky and good seeing condition are definitely important for any ground-based observations. The summit of Mt. Haleakal:
in Maui, Hawaii is not the highest place (elv. 3050m), but one of the best sites with clear skies, good seeing, low humidity con-
ditions, and good accessibility for us. At the Haleakala High Altitude Observatory at the summit, our group has been operating
a 40cm Schmidt-Cassegrain telescope, and we have so far observed faint atmospheric and plasma features around bright plan
lo plasma torus, Mercury and Lunar sodium tail, and so on. Atmospheric escapes from Mars and Venus, the exoplanets clos
to mother stars are also possible topics. However, when we try to observe those faint emissions surrounding the bright object
intense scattered light is always the most serious problem.

The new project, called PLANETS (Polarized Light from Atmospheres of Nearby Extra Terrestrial Planets), is dedicated to
the observation of solar system planets and exoplanets. It consists of an off-axis primary mirror with a diameter of 1.8m, anc
Gregorian optics on an equatorial mount. State-of-the-art adaptive optics and masking technologies will be adopted to eliminat
the scattering light. Based on these designs, it can avoid diffractions due to a spider structure that holds a secondary mirror ar
to minimize the scattered light from mirror surfaces as far as possible. In addition, the telescope optics will have a ultra-smoott
mirror surface, the roughness of less than 1/20 lambda, with a new polish technology called HyDra, a water jet polishing tech
nology developed by a group at Univ. Nac. Aut. de Mexico (UNAM). (This project is also a test for this new technology applied
to off-axis mirrors.) Since a telescope completely optimized to a wide dynamic range does not exist yet, it can provide us &
unique facility for spectroscopic and polarimetric observations of faint environments around the bright bodies, like planetary
environments, stellar disks, etc.

This project is based on the collaboration among PPARC / Tohoku Univ., IfA / Univ. Hawaii (USA), Kiepenheuer Inst. Son-
nenphysik (Germany), UNAM (Mexico), Univ. Turku (Finland), Harlingten Center for Innovative Optics (Canada), Stan Truitt
(USA), Craig Breckenridge (Canada), and other collaborators. In 2011 March, after the Earthquake, the primary mirror glas:s
blank completed in Japan was shipped to US, and now in the generating process. We also established the team structure, de
opment timeline, and facilities required for the development. The main development will be at ATRC (Advanced Technology
Research Center) of IfA in Maui. In 2012, all designs of the telescope mechanical structure and the domes will be finalized, anc
construction of development facility and structures will actually be started.

For promoting the project, Dr, Kagitani has been staying in Maui in 2011FY, and is contributing to the optical fiber Echelle
spectrograph developments at ATRC. From June 2012, Prof. Okano will also be staying at ATRC/IfA. Associated with such
residence, we are also preparing to move a 60cm telescope of Tohoku Univ. to the summit. In the paper, we summarize th
overview of our drastic steps toward this future expected in this year.

O000O0:PLANETS,00D000,0000,0000
Keywords: PLANETS, telescope project, optical and infrared, planetary observations
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